The nursing home (NH) population in the US has grown to 1.6 million people and is expected to double by 2030. While 88.3% of NH residents are over 65, the elders aged 85 and more have become the principal group. This demographic change has increased the already high rates of chronic diseases and functional disabilities in NH residents.
INTRODUCTION
The expanding population of older adults in the US and worldwide makes a compelling demand for physicians who can care for the elderly in hospital, long-term care facilities, and in the public health contexts of disease prevention/health promotion. Nursing homes (NH) are an essential component of health service settings particularly for the long-term care of elders with significant disease burdens and disabilities. The current NH population of the United States, 1.6 million, is expected to double by the year 2030 (1) . Between 1987 and 1996, the proportions of NH residents who were 85 years old and over rose from 49 to 56% for women and from 29 to 33% for men (2) . More than two-thirds of NH residents have multiple chronic health problems. Among them, approximately 60% have multiple mental/cognitive diagnoses (3, 4) . Further, functional disability of NH residents has also increased. Nearly 72% of NH residents needed help with three or more activities of daily living (ADLs) in 1987, and the proportion increased to 83% of residents in 1996 (2) . These health problems and worsening functional disability are significantly associated with cost increases exceeding $120 billion per year (5) .
As a result of changing demographics in recent times, the needs for NH health care services and public health services are clearly and dramatically increasing (6) (7) (8) ). Yet a number of reports indicate that geriatricians, physician subspecialists educated and trained to provide quality health care services to the older adults, are declining (6, 9) . There is also inadequate data monitoring the number and impact of NH physicians including geriatric specialists (10) . Not only can geriatricians provide direct health care but they can also serve as supervisors and coordinators of care to the elderly across health disciplines (11) (12) (13) . Geriatricians could also be valuable resources in working with public health issues in the aging population. The purpose of the study is to make a more current, critical assessment of the increasing health service needs of a rapidly growing aging population residing in NHs and the capacity of the geriatrician workforce to meet these needs. The findings of this study will have implications for quality health services and health of NH residents and, by extension, to the nation's older adults in other living settings.
METHODS
Articles from 1989 to the 2012 were obtained for review from MEDLINE and PUBMED literature databases. The key words were NH, nursing facility, elderly health care, older adult health care as healthcare consumers, and geriatrician and geriatric-trained physician as healthcare providers. Trend data from serial National NH Surveys (NHHS) were used to reflect complex service demand of NH residents currently and in the future. The studies focused on overall capacity of education and training in geriatric medicine as well as barriers to recruitment and retention of geriatricians were also included. The research regarding non-USA information was excluded. The specific categories of information solicited through the research review were:
(1) Health care consumer (elderly population in NH): trends and characteristics of the NH elderly population such as enumeration, residents' age, functional status, and utilization of healthcare services;
(2) Health care provider (geriatricians or geriatricians-intraining): trends in enumeration, personal characteristics, and pipeline of future geriatricians available to provide personal health and public health services to NH residents.
RESULTS
Seventy-seven published studies covering the special categories listed above were included for review and analysis. All the studies chosen were national in scope; 73 (94.8%) were published after 1999. Studies variably provided serially published data covering a number of years and able to yield longer term trend information. (17) . Data after 2004 are not available to determine more current trends of NH populations. However, a model utilizing trends in disability and marriage forecasts substantial increases in the incidence of institutionalization among the older adult population within the next decade (19) .
HEALTHCARE CONSUMER: OLDER ADULT/NURSING HOMES

Health care needs of NH residents
There is evidence that the demand for more healthcare services is growing. As the population ages with increasing lifespan and more effective and efficient health care measures to address acute illnesses, the leading burden of disease shifts to chronic diseases (20) . Calkins and his colleagues found that almost 75% of the elderly (age 65 and over) have at least one chronic illness (21) . About 50% have at least two chronic illnesses. Chronic circulatory problems, like heart disease, are the number one cause of death among adults over the age of 65 (22) . The large increase in the aging population with chronic diseases is associated with the dramatic changes of dependency ratio and needs for long-term care services (23) . Based on the 2004 National NH Survey, more than 98% of NH residents needed help with at least one ADL (Figure 1 ) (17) . In addition, the survey noted that from 1995 through 2004 the percentage of NH residents who needed five ADL services was significantly on the rise. Another study also found that 93.8% of NH residents received help with bathing, 86.5% dressing, 56% toileting, and almost 47% eating (1) .
Further, the average length of stay since admission was 835 days in 2004 compared to 611 days in 1985 (18, 24) , a trend indicating that NH residents consume services for longer periods of time than in prior years. The 4-year period from 1995 to 1999 saw the increasing trends of multiple types of healthcare services including dental services, equipment or devices services, mental health services, and social services for NH residents (1, 25, 26) .
HEALTH CARE PROVIDER: GERIATRICIANS
Geriatric medicine workforce: definition and composition
Geriatric medicine was recognized in 1978 as a medical specialty by its special body of knowledge and approach to patient care including the complex medical problems of multiple chronic illness and concurrent acute problems occurring with greater frequency in advanced age (27) . For the purpose of this study, "geriatricians" will be the term used to cover physicians that are board-certified in geriatrics and have had prior residency training in internal medicine, family medicine, or general psychiatry (28). Geriatricians have received formal education and training on specific competencies and approaches to elder patient care. Geriatricians are certified through a subspecialty board examination (29) (30) (31) . The initial board certification of geriatrics (by AMFM and ABIM) started in 1988 (27, 32) . All certificates issued in the subspecialties of geriatric medicine and geriatric psychiatry are renewed on a 10 year basis to remain actively certified.
Numbers and trends
Trends in the amount and complexity of healthcare services in NH residents are expected to result in a major increased demand for health care workers skilled with and competent to address complex elderly needs. However, current data indicate that the overall number of geriatricians with active certification issued by ABFM, ABIM, and ABPN decreased from 11,184 in 1996 to 8,502 in 2010 (Figure 2 ) (33) (34) (35) . With a general population of 40.23 million elders in 2010, this means a board-certified geriatrician to elderly population ratio of 1:5,955 (36) . If the geriatric psychiatrists are included, the ratio becomes 1 to 4,736. Several former geriatric-related workforce studies corroborate these findings (37-39).
Following earlier higher numbers of first certificates in geriatric medicine (boarded by ABFM, ABIM, or ABPN), the numbers decreased and then leveled off (33) (34) (35) . While the percentage of first re-certified geriatricians in the three specialty disciplines have remained mainly in the 52-67% range over time (Table 1 ) (40, 41), the absolute numbers have tended to decline particularly after 2004 -correlating directly to the reduction in the first-certification numbers (33) (34) (35) .
Pipeline
Leigh and colleagues pointed out that geriatricians have the highest job satisfaction rating among all specialties (42) . However, in the 2006 Medical School Graduation Questionnaire (GQ) report, only 12% of 11,471 students were planning additional training in geriatrics (43). In the 2007 report, about 35% of 12,511 students thought that geriatric/gerontology education was not part of a required course but a separate elective course (44) . From 2001 to 2007, increasing numbers of students reported that they were not well prepared to care for older adult patients in longterm health care settings. In the 2010 Medical School GQ report, 16.5% of 13,422 students thought the instruction about care of geriatric patients was inappropriate, 17.8% were dissatisfied with their received education about end-of-life care, and 35.0% even reported their rehabilitative care education was insufficient (45) .
Seventeen of 161 allopathic and osteopathic medical schools in the US have departments of geriatrics (46) (47) (48) . By comparison, every medical school in the UK has a department of geriatrics medicine (9) . Based on the American Geriatrics Society, only 0.8% residents in internal medicine or family medicine who graduated from US medical schools (USMDs) entered geriatric medicine fellowship program in 2010 (41). Furthermore, the numbers of geriatrics fellows in three health specialties are not increasing significantly (Figure 3 
(49-51).
In contrast, the proportion of international medical graduates (IMGs) in geriatrician fellowship positions (both family medicine and internal medicine) has been increasing over recent decades (52).
Lower compensation received by geriatricians may also exacerbate pipeline barriers (53) . In general, geriatricians whether in private practice or in academia, receive significantly lower compensation compared to other specialty fields (54) . For example, the median salary for a geriatrician in private practice in 2010 was $183,523 compared to over $200,000 for general internists, over $225,000 for rheumatologists, and $240,000 for neurologists (55) . Moreover, the pay scales at NHs allowed within the limitations of Medicare and Medicaid reimbursement are quite low among a variety of long-term care settings while the work is emotionally and physically demanding (56, 57) . Although geriatricians spent the largest proportion of time (27%) in the NH compared to family physicians (7%) and general internists (6%) the compensation for a geriatrician is less than the other medical fields (58, 59) . NH geriatricians have annual salaries at about $160,000 on average (60) .
Additional perceived barriers to practice and education at nursing homes
Barriers for geriatricians to practice in NHs as evaluated by a group of medical directors are inadequate accessibility to residents' information, inaccurate medicine-related operations and information gathering, and insufficient nursing support (61) . Others include a high volume of non-reimbursable activities, excessive regulations, and heavy paperwork (10, 62, 63) . The Institute of Medicine found that the main obstacle to expanding training at non-hospital sites such as NHs is a lack of funding to cover the expenses of residents (8).
DISCUSSION
The principal findings in this study indicate a worrisome current and projected decline of the geriatrician workforce in the face of a dramatically increasing number of the elderly and their attendant increased burden of chronic and complex diseases. The aging population has been dramatically growing in the past few decades, with an estimated doubling by 2030 compared to 2000. The oldest old (i.e., ages 85 and older) population has now become the fastest Frontiers in Public Health | Public Health Education and Promotion growing elder age group in general and the largest age group in NHs (16, 17) . These demographic changes result directly in a major demand for expanded health care and public health services, particularly in relation to a high burden of chronic health conditions and comorbidities. The oldest old especially require more intense health services that cannot be managed effectively in their own home or family (64, 65) . Dependencies with activities of daily living, long-term care services, mental health, preventive, and social services for NH residents in general are also on the rise (1, 17, 23 ). It appears a small decrease followed by a leveling off numbers of the NHs, beds, and residents occurred in 2004. More recent data are not available. An explanation for this apparent decline could be related to the preference and availability of other options as home care and assisted living facilities. Regardless, modeling studies project that a greater institutionalization in NHs is anticipated for the future (19, 66) .
There is a growing evidence that the capacity of the geriatrician workforce is not keeping up with the health care needs of the aging populations, particularly those in NHs (11, 12, 67) . The current ratio (1: 4,736) of geriatricians and geriatric psychiatrists to population aged 65 and older is predicted to decline to 1:7,194 by 2030 (16, (33) (34) (35) . To retain this current proportion of one geriatrician to 4,736 elders, 6,729 more geriatricians and geriatric psychiatrists need to be trained. This is a major challenge in view of existing trends.
There is also evidence indicating a major shortage of active geriatricians (i.e., currently certified geriatricians) as well as evidence of an increasing number of inactive geriatricians (previously but not currently certified or recertified geriatricians) (68) (69) (70) . This latter phenomenon appears to be related more to the reduced pool of new certified geriatricians but could also be related to a disinterest in continuing certification due to poor compensation or working conditions (39-41, 56, 59, 71) . Further, a number of barriers exist at the student, resident, and fellowship levels that prevent the development of an adequate pipeline of future geriatricians. This pipeline problem is of major concern because it prevents the new geriatricians from adequately replacing those retiring or otherwise leaving the workforce.
The present academic institutions have been unable to provide adequate support for teaching geriatrics because of inadequate funding, insufficient faculty, absent or minimal clinical exposure to NH settings, and lack of time in an already busy curriculum -all likely related to a lack of priority for geriatrics (53, 72) . The numbers of geriatric medicine fellowship programs offered by ABFM, ABIM, and ABPN have had only minor increases (49-51, 73). Moreover, decreased filling of fellowships have been demonstrated in spite of the success in increasing positions available for these geriatric fellowships (74). Other contributors to the inadequate pipeline include lower compensation received geriatricians and lower reimbursement from Medicare and Medicaid for geriatric services (53, 54, 58, 60) .
This literature search did not find data on the number of geriatricians that were dually board-certified in preventive medicine. While the interpretation of this is not clear, it more probably indicates a small number. It would be optimal to have a geriatric workforce that also had an adequate understanding of public health issues and perspectives, in addition to personal health care.
Taking into account current training numbers, certification and recertification rates, pipelines, and overall decreasing trend of physicians entering the field, the geriatrician workforce is in a state of crisis (40, 41). This has a significance implication for the health of older adults. O'Neill and Barry have pointed out that even if all medical students who graduate each year start to receive geriatrics training today, it would take more than 40 years before the entire physician workforce is prepared sufficiently to meet the unique healthcare needs of the aging population (9) .
While this study focused on the geriatric workforce, the authors recognize the importance of other health professional disciplines (e.g., non-geriatrician physicians, nurses, dentists, and pharmacists among others) in providing health care for the elderly. In addition, geriatricians can play important roles as key leaders of change and promote partnering with other health care professionals to enhance geriatric care. Models of best practices by interdisciplinary teams should evolve to improve the coordination of preventive and health care services for older adult populations.
CONCLUSION
This study updates and expands findings on the insufficient and diminishing geriatrician workforce in the face of a growing older population with increased disease burden, frailty, and functional dependency. Trends of a deteriorating pipeline of future certified geriatricians portends a serious access problem to geriatricians, health professionals with skills and training in care for older adults. Barriers to overcome in the educational process include inadequate support for faculty, curricula, and teaching venues at academic centers. Disproportionately low compensation for geriatric services and practice compared to other specialties must be addressed to garner medical students' interest in geriatric medicine and in certified geriatricians' willingness to maintain their certification. Incentives for future geriatricians could also include forgiveness of medical schools loans, scholarships for continuing education, development of NH specialist culture, and improvement of organizational efficiencies (8, 10, 57, 75, 76) .
Although the study focused on NH residents and the geriatrician workforce the findings could be extended to the older adults living in other settings and to other health disciplines involved in geriatric care. Robust interdisciplinary teams commonly headed by geriatricians could advance the appropriate coordination of geriatric services. All medical students or, even better, all health professionals-in-training should receive at a minimum a basic understanding and experience with the care of older adults and their families. While the NH setting should be a principal locus of health professions education, other settings (e.g., assisted living facilities, home care) where older adults live should also be included. Moreover, health services research in quality, cost effectiveness, and access are needed to monitor carefully the capacity and demand for geriatricians. Further, the geriatrician community could take a leadership role in improving the public health system in promoting health and preventing disease among the rapidly growing, frail, older population.
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